Abstract. We will deonstrate the use of (more or less!) Bayesian methods for inferring interaction rules between individuals in a system of collective animal motion. We examine a group of prawns moving in an effectively one-dimensional environment, which we reduce to a binary classification problem, aiming to infer the factors that predict whether an individual will change its direction of motion. Our results show that interactions are primarily driven by spatial proximity, that prawns tend to align with other individuals travelling in the opposite direction and that the effect of interactions persist over time to create a non-Markovian system. This extended introduction provides technical details of the models we examine and some preliminary findings. The full results of this analysis will be published when complete.
INTRODUCTION
There are many models of collective motion in one, two and three dimensions, some formulated generally, others to reflect species specific context. Each of the models in the literature is capable of reproducing key aspects of the broad-scale motion of one or more systems of interest, and together these models tell us what aspects of interindividual interactions are most important for creating emergent patterns of coherent group motion. With this proliferation of models has come the recognition that some patterns are common to many models, and that different models can have large areas of overlapping behaviour depending on the choice of parameters [1] . Recently researchers in the field have become more interested in using tracking data from real systems on the fine scale to infer what precise rules of motion each individual uses. Mostly this has been done by calculating the correlations between movement changes and other variables, such as the position and direction of neighbours. Some efforts have been made to retain a model-based approach to inferring these rules [2] , with Bayesian methodology now being applied [3] . Before now these studies have focused on a theoretical framework for using model-based inference in the study of collective animal behaviour. He we examine a real system of interacting animals, using Bayesian inference to perform model selection based on empirical data.
Our experimental system consists of six co-moving prawns, in an effectively onedimensional ring (see Figure 1 ). Using video analysis we track the positions of the prawns over the course of the experiment. We aim to discover the interactions that lead prawns to change their orientation within the ring, either clockwise (CW) or anti-CW. We use a Hidden Markov Model, trained on similar experiments with a single prawn in the ring, to initially infer an time sequence of orientations from the noisy frame-by-frame motions of the prawns. We then propose a number of models for how the relative positions and directions may influence the probability of the focal prawn changing orientation. 
MODELS
We proposed a number of possible models for the fine-scale motion of the prawns, each of which gives the probability of a focal prawn changing direction at a given moment in time based on putative interactions with the other individuals in the arena. We denote prawns travelling in the same direction as the focal prawn as positive prawns and those travelling in the opposite direction as negative prawns. Within any specified interaction zone we denote the number of +ve prawns as N(+) and -ve prawns as N(−). Each model dictates how the position and direction of the other prawns specifies the probability of changing orientation. We use a logistic mapping:
where s is determined by the interaction model.
Global models: Models independent of the positions of the prawns.
• Null: The prawns do not interact and change direction purely by chance: p − = 0.
• Mean Field (MF): The probability of changing direction is influenced by the relative directions.
Topological models: Models with interactions in a topological zone, K consisting of K nearest-neighbours
• T (Topological): Interactions with negatively oriented individuals from a fixed number of nearest-neighbours Spatial (geometric) models: Models dependent on both the directions and positions of interacting individuals. Here the probability of the focal prawn changing direction is increased or decreased by the presence of other negatively or positively oriented prawns within an interaction zone, R.
• S1: Interactions with negatively oriented individuals within a symmetric interaction zone of fixed size: p + = 0. Spatial models with delayed effect: Models dependent on both the directions and positions of interacting individuals, with non-Markovian effects. In these models the probability of the prawn changing orientation continues to be increased or reduced by interactions once the interaction has ceased, with the effect reduced by a fixed unknown proportion, d, over each time step. The interactions themselves are the same as the spatial models.
• D1: Interactions with negatively oriented individuals within a symmetric interaction zone of fixed size. These effects persist after the interaction ceases: : p + = 0.
• D2: Interactions with negatively and positively oriented individuals within a interaction zone of fixed size. These effects persist after the interaction ceases.
• D3: Interactions with negatively oriented individuals within a forward-directed interaction zone of fixed size. These effects persist after the interaction ceases: p + = 0.
• D4: Interactions with negatively and positively oriented individuals within a forward-directed interaction zone of fixed size. These effects persist after the interaction ceases.
PRELIMINARY RESULTS
Our results indicate that spatial models strongly outperform the global and topological models in terms of marginal likelihood. However, these models are inconsistent with the large scale alignment of the prawns over time when simulated. Use of the nonMarkovian extension appears to solve this issue This discovery of non-Markovian behaviour will be important in the collective behaviour community. This property is revealed only by analysis of the fine scale motion -simulations of the simpler Markovian models can reproduce the large scale dynamics with appropriate choices of parameters, but these parameters are then inconsistent with fine scale motion.
This thus raises an important question that has been largely unasked in studies looking for interaction rules: if simple models reproduce the large scale behaviour of the system while being incorrect at the fine scale, are we interested in the rules or the outcomes? The answer depends on the context of the study. More clarity is needed from researchers as to why the rules of motion are important when large scale outcomes emerge consistently from different rules.
We hope that this work will serve as part of an increasing 'call to arms' for sophisticated methods of inference and learning to be applied in the area of animal behavioural research. With ever more enormous sets of movement data being collected every year, analysis of the behavioural patterns hidden in this data is both too important and too great an opportunity to be left to correlations, P-values and qualitative comparison.
